A Gram-stain-negative, non-motile, non-spore-forming, rod-shaped, aerobic bacterium, designated 15J8-5 T , was isolated from beach soil on Jeju Island, Republic of Korea. The isolate grew at 10-37 C (optimal 25 C), pH 6-8 (optimal pH 7) and in the presence of 0-1 % (w/v) NaCl. The results of comparative 16S rRNA gene sequence analysis indicated that strain 15J8-5
The family Cytophagaceae is one of the major phylogenetic lineages within the phylum Bacteroidetes [1] . Based on the 16S rRNA phylogenetic tree reconstruction of the class Cytophagia, Cytophagaceae clade 1 encompassed at least 21 genera such as Fibrisoma, Huanghella, Larkinella, Rudanella and Spirosoma. The genus Spirosoma was originally proposed with Spirosoma linguale as the type species [2] , and the genus description was later emended by Finster et al. [3] and Ahn et al. [4] . At the time of writing, the genus Spirosoma comprises 16 species with validly published names, of which, 13 species were directly listed on LPSN (www.bacterio.net/spirosoma.html) and the other three Spirosoma species are awaiting notification [5] [6] [7] [8] . Recently, several other strains, such as Spirosoma lacussanchae CPCC 100624 T [9] and Spirosoma fluminis 15J17T T [10] , have been proposed as novel Spirosoma species and are awaiting validation. The type strains of Spirosoma species have been recovered from a wide range of natural sources, including air [11, 12] , fresh water [13, 14] , soil [4, 7, 15, 16] , plant xylem sap [17] and extreme environments such as high Arctic glacial till [18] and Arctic permafrost soil [3] . Members of the genus Spirosoma are Gram-stain-negative, yellow-or orange-pigmented, non-spore-forming, mostly rod-shaped bacteria that are characterized chemotaxonomically as having phosphatidylethanolamine as the major polar lipid, menaquinone MK-7 as the predominant quinone, and summed feature 3 (C 16 : 1 !6c/C 16 : 1 !7c), C 16 : 1 !5c, iso C 15 : 0 and C 16 : 0 as the major fatty acids.
In the course of screening for novel bacteria, strain 15J8-5 T was isolated from a beach soil sample. In the present study, we conducted a phylogenetic analysis based on the 16S rRNA gene sequences and an analysis of the phenotypic, genotypic and chemotaxonomical characteristics to determine the taxonomic position of strain 15J8-5
T . Based on results obtained in this study, we propose that strain 15J8-5
T should be placed in the genus Spirosoma as the type strain of novel species.
Strain 15J8-5
T was isolated from a beach soil sample collected on Jeju Island (29˚51¢61¢ N, 126˚27¢08¢ E), Republic of Korea. The sample was thoroughly suspended in distilled water, serially diluted and 100 µl of each dilution was spread onto Reasoner's 2A (R2A, Difco) agar. The agar plates were incubated at 25 C for 1 week. Single colonies appearing on the plates were purified by transferring them onto fresh R2A agar plates and incubating again under the same conditions. One pale-yellow colony, designated 15J8-5 T , was routinely cultured on R2A agar at 25 C and was maintained as a glycerol suspension (20 %, w/v) at À70 C. Spirosoma endophyticum KACC 17920 T , Spirosoma spitsbergense KACC 14163 T , S. linguale KACC 12156 T (all obtained from the Korean Agricultural Culture Collection) and our previously isolated strain Spirosoma knui 15J8-12
T were used as reference strains.
The sequence of the 16S rRNA gene of 15J8-5
T was determined after PCR amplification from chromosomal DNA using primers 27F and 1492R as described previously [19] . Purified PCR products were sequenced by Genotech (Daejeon, Republic of Korea). The nearly complete 16S rRNA gene sequences were assembled using SeqMan software (DNASTAR). Phylogenetic neighbours were identified, and pairwise 16S rRNA gene sequence similarities were calculated using both the EzBioCloud server [20] and NCBI BLAST searches. The 16S rRNA gene sequences of related taxa were obtained from GenBank and aligned with that of strain 15J8-5 T using the program CLUSTAL X [21] . Gaps and the 5¢ and 3¢ ends of the alignment were edited manually in BioEdit [22] . Tree topologies were inferred by neighbourjoining (NJ) [23] and maximum-likelihood (ML) [24] methods in the program MEGA7 [25] . The NJ tree was reconstructed using Kimura's two-parameter model [26] . The ML tree was inferred using the nearest-neighbour interchange as the ML heuristic search method. The option of complete deletion of gaps was applied for NJ and ML tree reconstruction. Bootstrap analysis with 1000 replicate data sets was performed to assess support for clusters.
A nearly complete 16S rRNA gene sequence of strain 15J8-5 T (1465 bp) was obtained. Comparative analysis of 16S rRNA gene sequences using the EzBioCloud server showed that strain 15J8-5 T shared 93.1-90.1 % similarities with recognized members of the genus Spirosoma and had the highest similarity to S. knui 15J8-12 T (93.1 %) [8] , S. spitsbergense SPM-9 T (93.1 %) [3] and S. endophyticum EX36 T (93.1 %) [17] . Levels of 16S rRNA gene sequence similarity between strain 15J8-5 T and the type strains of other genera within the family Cytophagaceae were less than 89 %. In both the NJ and ML phylogenetic trees, strain 15J8-5 T fell within the radiation of the cluster comprising members of the genus Spirosoma, forming a subgroup that included S. knui 15J8-12 T and one not validly published species, Spirosoma fluminis 15J17T
T [10] (sequence similarity lower than 93 %) (Fig. 1) . Based on the phylogenetic analysis three closely related Spirosoma species and S. linguale, the type species of the genus Spirosoma, were selected and used as reference strains in this study. The generally accepted criteria for delineating bacterial species state that strains showing 16S rRNA gene sequence dissimilarity greater than 3 % are considered to belong to separate species [27, 28] . Based on of this definition, the above data indicate that strain 15J8-5
T could not be assigned to any recognized species within the genus Spirosoma and could, thus, be considered to represent a novel species belonging to the genus Spirosoma in the family Cytophagaceae.
The Gram reaction of strain 15J8-5 T was determined using a standard staining method [29] . The morphology of cells of strain 15J8-5 T , grown for 3 days at 25 C on R2A agar, was observed under an Olympus light microscope (Â1000 magnification) and under a Hitachi HT7700 transmission electron microscope. Motility was investigated on 0.5 % (w/v) semi-solid R2A agar [30] and gliding motility was assessed by the microscopic hanging drop technique [31] . Catalase activity was determined by assessing the production of bubbles in 3 % (v/v) H 2 O 2 , and oxidase activity was tested using 1 % (w/v) tetramethyl-p-phenylenediamine [32] . The presence of flexirubin-type pigments was detected using the bathochromatic shift test [33] . Growth was assessed on R2A agar, Luria-Bertani agar (LB), nutrient agar (NA) and trypticase soy agar (TSA) that were purchased from Difco. The effect of pH on growth was evaluated in R2A broth using three different buffers (final concentration, 100 mM): sodium acetate buffer (for pH 4.0-6.0), potassium phosphate buffer (for pH 7.0-8.0) and Tris buffer (for pH 9.0-10.0). The temperature range for the growth of strain 15J8-5
T was tested on R2A plates incubated at 4, 10, 15, 20, 25, 30, 37 and 42 C for 7 days. Salt tolerance was tested in R2A broth supplemented with 0.5, 1, 2, 3, 4, 5 or 10 % (w/v) NaCl after 7 days of incubation. The ability of the isolate to grow anaerobically was determined by incubation in the BBL GasPak Anaerobic System (Difco) for 2 weeks at 25 C on R2A, NA and TSA agar. Sensitivity to antibiotics was tested using the disc diffusion method [34] on R2A agar plates at 25 C as described previously [35] . Enzyme activities, assimilation of carbon sources, acid production from substrates and other physiological characteristics were determined by inoculating API ZYM, API 20 NE, API ID 32 GN and API 50 CH strips according to the manufacturer's instructions (bioM erieux).
Cells of strain 15J8-5
T were Gram-stain-negative, non-flagellated, rod-shaped and had a tendency to form short filaments (Fig. S1 , available in the online version of this article). The strain grew aerobically on NA and R2A, and weakly on TSA agar, but not on LB agar. Flexirubin-type pigments were not produced. The temperature range for growth was 10-37 C, with optimum growth at 25 C. The pH range for growth was pH 6.0-8.0, with optimum growth at pH 7.0. The NaCl tolerance range was 0-1 % (w/v). Other physiological and biochemical properties of strain 15J8-5 T are given in the species description. The results of morphological, physiological and biochemical characteristics that differentiated strain 15J8-5
T from its relatives in the genus Spirosoma are listed in characteristics which could be used to distinguish strain 15J8-5 T from its closest phylogenetic neighbour S. knui 15J8-12
T and the type strains of other closely related members of the genus Spirosoma.
Genomic DNA of strain 15J8-5 T was extracted according to the standard CTAB/NaCl protocol [36] . The genomic DNA G+C content of strain 15J8-5
T was determined by reverse-phase high-performance liquid chromatography (HPLC) analysis of individual nucleosides resulting from DNA hydrolysis and dephosphorylation using nuclease P1 and alkaline phosphatase [37] . Single-stranded DNA from salmon testes (D7656; Sigma; DNA G+C content, 41.2 mol%) was used as a standard. The DNA G+C content of strain 15J8-5 T was found to be 
Acid production from (API 50 CH):
N-acetyl-glucosamine C. Cellular fatty acid saponification, extraction and methylation were performed according to the Sherlock Microbial Identification System (MIDI) protocol. Fatty acid methyl esters were then analysed by gas chromatography using the Microbial Identification software package (TSBA, version 6.0) [38] . The major fatty acids of strain 15J8-5 T were summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c; 32.8 %), C 16 : 1 !5c (24.8 %) and C 16 : 0 (11.7 %) representing 69.9 % of total fatty acids ( Table 2) . This profile was similar to that of other members of the genus Spirosoma [11, 13, 16] . However, under the same growth conditions strain 15J8-5 T differed from S. knui 15J8-12 T , S. endophyticum KACC 17920 T , S. spitsbergense KACC 14163
T and S. linguale KACC 12156 T in terms of the proportions of the major and some minor fatty acids and could be differentiated from the reference strains by the presence of a small quantity of C 18 : 1 !9c and its higher content of C 16 : 0 and C 18 : 0 .
For analysis of polar lipids and respiratory isoprenoid quinones, cells of strain 15J8-5 T were cultured, collected and freeze-dried. Polar lipids were extracted using the procedure described by Minnikin et al. [39] and identified by twodimensional thin layer chromatography, followed by spraying with the appropriate detection reagents [40] . The following spray reagents were used for detection: 5 % molybdatophosphoric acid (Merck) in ethanol for total lipids; 0.2 % ninhydrin in acetone for aminolipids; molybdenum blue (Sigma) for phospholipids; and a-naphtholsulfuric acid reagent for glycolipids. The major polar lipid in strain 15J8-5 T was phosphatidylethanolamine, similar to that in other Spirosoma species [5, 8, 15, 16] . In addition, the polar lipid profile of the isolate included moderate amounts of an unidentified aminophospholipid and an unidentified polar lipid and minor quantities of an unidentified aminolipid, an unidentified aminophospholipid, an unidentified phospholipid and an unidentified polar lipid (Fig. S2) .
Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under a vacuum, and reextracted in n-hexane/water (1 : 1, v/v). The extract was purified using Sep-Pak Silica Vac cartridges (Waters) and analysed by HPLC as described previously [41] . The predominant isoprenoid quinone in strain 15J8-5 T was [17] . †Data from Finster et al. [3] . ‡Data from Lail et al. [42] . §Fries et al. [17] reported the opposite result.
||Finster et al. [3] reported the opposite result. Cells are Gram-stain-negative, non-motile, aerobic rods, 1.1-1.3 µm wide and 3.2-5.9 µm long. After 3 days incubation at 25 C on R2A agar, colonies are convex, smooth, opaque, circular and 1-2 mm in diameter. A yellow pigment that does not belong to the flexirubin type is produced. Growth occurs at 10-37 C and pH 7-8, with optimal growth at 25 C and pH 7. Tolerates 1 % NaCl but not 2 %. No growth is observed under anaerobic conditions. Cells are positive for catalase and oxidase activities. In API 20 NE tests, positive for aesculin hydrolysis, but negative for gelatin hydrolysis, glucose fermentation, nitrate reduction, indole production, urea hydrolysis and arginine dihydrolase activity. In API 32 GN 
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